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INTRODUCTION 
The composition of cow's mjlk, including both the fat and solids-
not-fat (SNF) cont_ent, is known to vary over rather broad ranges. 
Breed and individuality of the cow are the major factors influencing 
this, but many other factors are known to exert their influence. How-
ever, it has generally been observed that compensation or comple-
menting occurs when the milk of cows is mixed together; so that the 
composition of milk from a herd will tend toward averages .or norms. 
This .effect usually is even more marked as the milk from two or more 
herds is commingled • . 
Payment for milk on the basis of fat content has been the coI!llDon 
practice for mariy decades. When the practice sta1·ted it was a logical 
approach, as the principal product made from milk was butter. How-
ever, milk is currently used for many other purposes besides butter-
making, and it has been suggested that the SNF of milk should also be 
given consideration when the value of milk is established. 
Very logically the fat and/or solids-not-fat content will affect 
the yjeld of manufactured dairy products made from a given supply of 
milk. The Dairy Science Department at South Dakota State University 
has received reports of lower than average product yields in several 
dairy plants in the state, especially during certain times of the 
year. Lower product yields make for lower economic ret'urns to the 
processing plants and so management and stockholders become very 
concerned. Dairy and Food Science Departments in other states of the 
North Central Region have indicated that dairy plants in those states 
2 
have had similar expe·ri011ces in that nilk composition does not always 
fit the average reportc~d. If t his proves true throughout the country, 
~he reliability of the average values derived by Jacobson (38) which 
is the basis for c·omputing milk _solids-not-fat from the percent fat in 
milk may no longer be valid. Hence there is a definite need for data 
on the compqeitior1 of milk currently being produced in the United 
States. 
The purpose of this investigation was to determine in detail the 
characteristic composition of milk from various parts of South Dakota 
during the four seasons of the year with special emphasis on the 
effect of composition on functional properties of milk and the yield 
o-f products manufactured from it. 
LITERATURE .REVIEW 
11ilk Composition in U.S.A. and Worldwide 
Milk. is the liquid food secreted by the mammary gland for tile 
nourishmen·t of the very young. It contains water, fat, protein, 
lactose, minerals ( ash) , vi tam.ins, and small a.mounts of mai."lY other. 
substances. According to Watt and Marrill (92), an average gross 
composition of cow 1s milk would be as follows: water, C7%; fat, 3.5-
3."1%; lactose, 4-9%; protein, 3-5%; and ash, 0.7%. 
Armstrong (2) , in reviewing the composition of milk from tr..c 
various breeds in Canada and the U.S.A., concluded that the average: 
coropo~i t.5 .. <'l:t':'. ri:f' rni lk seemed to show in.cr~ases ln bot h r~t and. .SN'F1 ov~x-
the period from 1900 to 19 57. However, in the last quarter centu...-.1 
the per capita consumption of milk fat has decreased. At the same 
3 
time increasing emphasis has been placed on high milk production per 
cow. As a result of selective breeding in accordance 'With these 
trends, the solids content of milk has decreased. In comparing the re-
sults of a 1971 nation.wide survey by Wilcox, Gaunt, and Farthing (99) 
on t,he composition of milk of the principal dairy breeds (Table 1) with 
the 1945 data of Ovcnnan (63) (Table 2), it .is evident that there were 
marked decreases in SNF percentage during that 25-year period. This 
was substantiated by the report of Hoover and his committee (.31+) in 
1971. They stated that in the preceding fif'teen years the national 
average fat content of milk had declined from 3.86% to 3.68%. In 
further corroboration of this trend, Schultz (81) in 1974 reported 
that marked advances in the last 25 years in genetics, physiology, 
4 
Table 1. Typical composition o-f milks of the prindpal dairy breeds 
'(19?1) a_ 
% 
Fat SNF Total solids Protein 
Ayrshire 3.99 8.52 12 • .55 3.34 
Guernsey 4.87 9.01 13~94 3.62 
Holstein 3.70 8.45 12.19 3.11 
Jersey 5.13 9.21 14.39 3.80 
Brown Swiss 4.16 8.99 13.20 3.53 
8 
Dat_a of Wilc~x, Gaunt, and Farthing (99). 
Table ~- Typical composition of milks of the principal dairy breeds 
(1945) • 
% 
Fat SNF Total solids Protein 
Ayrsh.ire 4.03 9.00 13.03 3.50 
Guernsey 5.05 9.60 14.65 3.90 
Holstein 3.41 8.87 12.28 3.32 
Jersey 5.05 9.45 14.53 3.78 
Brown Swiss 3.85 9.28 13.13 3.48 
8 Dc'lta of Overman (63). 
nutrition, and management had resulted in a change in the average 
milk fat content from 4% in 1950 to 3.65% in 1972. It has recently 
been estimated that milk produced in the U.S.A. contains about 8.5% 
SNF and 3.2';~ protein (3?). 
In 197~, ·Herrington et al. (31) reported that the average 
5 
cr,mposit io:n of z·aw m:ilk recei ved by . dairies in New York State during 
the pc:dod 1959· .. 1961 waa as follows: total solids, 12.02°/4; fat, 3 • .5%; 
total pz·otein i 3.13%; l actose, 4.820/4. In Canada, Armstrong et al. (1) 
did a study of the ·composition of A.lberta milk during the period 1967-
1969. The following averages 11:,er e observed for the bulk milk samples: 
protein, 3.,25~~; f at, 3 .59%; SNF, 8.53%. In }~land and Wales, Harding 
and R~yal (26) reJ?Orted that the average composition of bulk milk 
during the period 1947 to 1970 was as follows: total solids, 12.29'/4; 
tat, 3.69%; solids-not-fat, 8.60%; and protein, 3.25%. 
A vast amount of data he.s been accumulated on the composition of 
milk produced in many coun·tries of the world. Selected data are shown 
in Table 3 (!}1). 
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. Table 3 • World-wide data on milk composition 8 • 
. ,...._.....-.; __ ~ 
% 
Country Breed Total solids Fat Protein Lactose Ash 
Australia Shorthorn. 12.4 3.8 
Friesian 12.2 3.7 
En.gland AU breeds 12.52 3.82 
Channel Island 13.?5 4.?5 
Finla.nd Bulk milk 13.05 4.32 3.34 4.?6 
Germany Angeln 14.56 5.52 3.63 4.98 
Italy Friesian 
(Milan .area) 12.30 3.65 3.10 
Japan Holstein 11.53 3.42 2.87 4.54 .70 
Jersey 13.63. 4.98 3.4o 4.50 .?2 
India Native cows 
I (i • ) \. ~.1.t'l.SSa 14.o4 4.65 3.35 .66 
Russia Ayrshire 13.67 4.44 3.76 4.71 
Brown Latvian 12.99 3.90 3.70 4.66 
City market milk 12.33 3.75 3.30 
Sweden Central dairy 
milk supply 12.65 3.92 3.15 4.92 
a Data compiled by Johnson (41). 
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Factors Causing Variation in Milk Composition 
The breed of the cow is probably the most important factor 
controlling the composition of cow's milk. Several studies have 
determined the average composition of milk by breeds,but mostly with 
small numbers. The largest study was the interregional project (99) 
i ,n 1971 invol-ving data from 22 states; ~hich included · 22,382 records 
on cows in 298 herds with data on percentages and yields of fat, SNF, 
protein, total solids., and milk yields. Data from the study or~ 
shown in Table 1. It is evident that fat content varied more than 
that of any other constituent and most of the variation in SNF was 
accounted for by variation in protein content. Holsteins usually 
ga--te milk wi.t h lowest percentage of both fat and SNF, and milk from 
Channel Island breeds (Jersey, Guernsey) ranked highest in percentages 
of all constituents. 
Seasonal and area differences in compo~ition of milk are due to 
a combination of factors including breed differences, stage of 
lactation, climate, and feeding practices. Studies both in U.S.A. 
(86, 100) and in Europe (4, 22) have shown that the SNF content in 
June and July were rather consistently lower than in other months of 
the year·. In 1960, Nickerson (60) reported through a study of bulk 
milk from six areas of California that there were significant seasonal 
differences in 18 of 23 components of milk. As previously indicated 
(4, 22, 86, 100), most constituents that varied were lowest in May 
through July and highest in November through January. Schmidt (80) 
stated t hat high environmental temperatures (above 24 C) tended to 
decrease milk production ss w~ll as both fat and SNF content; above 
32 c, fat percentage might go up in association with decreased milk 
NOduction, but SNF continued to· decrease; and cold temperatures 
(below 5 C) tended to increase both fat and SNF content. 
8 
Age of the cow has a s:i.gnificant effect on milk composition with 
a gradual reduction in fat, SNF, and protein beyond their third 
lactation, with SNF decreasing most (19, 76). 
Stage of lactation appears to influence all components. Fat and 
protein percentages are high in colostrum, drop to a low around the 
second month, an.d then rise at slightly different rates, increasing 
most rapidly at the end of lactation. In contrast, lactose is low in 
colc•atr·um but ris8s to normal in the first veek and remains steady 
until mid-lactation. Thereafter, it decreases slightly at first a~d 
then more rapidly at the end of lactation (19, 76). 
Gestation also has an important effect on the change in SNF 
duri.ng lactation. Bartlett (5) and Wilcox et al. ( 100) found that the 
content of SNF rose beginning with the fourth or fifth month of 
gestation. However, Bailey (4), working with the same herd as 
Bartlett (5), found that SNF showed a tendency to rise by the second 
and third month of pregnancy. However, the steep ascent of the 
composition curves began at about the fourth month after conception. 
It was particularly evident in the research reported by Wilcox et al. 
(100) that the rise of SNF during the later part of the lactation 
was practically negligible for those cows which were not pregnant. 
Feeding has a profound effect on milk composition (4, 54, '70, 91), 
9 
but to date no easy or universally profitable means of changing milk 
composition through feeding has been found. It has been shown by some 
r _esearchers (28, 70) that fat content could be lowered to a consider-
able extent by certain feeds, physical texture of feeds, or feeding 
regimes. Rations containing a higher proportion of concentrates and 
little rough~ge per cow per day often markedly decreased fat and 
slightly increased SNF (mainly protein) without measurable change in 
milk volume. Similar changes in milk occurred as a result of feeding 
finely-ground hay. Composition of milk produced by cows grazing lu.sh 
pasture after barn feeding has been found to decrease in fat and 
increase slightly in SNF and protein. Low fat tests have been 
observed when pelleted con~entrrites were fed instead of the meal form, 
even with 1ong hay as roughage (28, '70). It was reported by Legates 
(49} in 1960 that feeding more than the normal amount of feed or 
feeding additional concentrates would increase the SNF slightly; but 
feeding excess protein did not appreciably alter the protein content 
of mi1k, although the non-protein nitrogen content might be enhanced. 
In further investigations of feed requirements, Seidler and Petkow 
(82) observed that when three comparable groups of cows were fed 
recommended standard rations and that ration was increased or reduced 
by 15% of digestible protein, the milk yield increased or decreased 
accordingly, with only slight effect on the fat content. Lizal and 
Opletalova {51) found that urea could be substituted for 50% of the 
protein without deleterious effect on composition of milk. Kaplan 
(42) reported that fasting for 24 hours decreased both fat co.ntent and 
10 
Wilk: yield,. 
Disease also ha6 an effect on milk composition. Of major 
~portance is mastitis which decreases the amount of lactose an.d 
proteins synthesize·d in the udder. Proteins, such as imnnmoglobulin 
nnd blood serum albumin, which are removed from the blood are 
increased, r~sulting in an increase in t9tal whe~ protein (23). This 
latter increase may be enough to elevate total protein. Fat content 
usually decreases with mastitis but may increase if milk production 
ia markedly decreased. Isotonicity with the blood is maintained by 
increase in scdium a.nd chloride to compensate for decrease in lactose 
and potassium (70). In general, these changes are undesirable from a 
tAt1t:c·i'tional ;;.,1.J l)l'vcessing standpoint. other diseases of f.'-. b"7Stqrui.c 
nature which C:iUse elevation in body temperature decrease milk 
production and cause an increase in fat content but may decrease SNF 
(23). In diseases, such as ketosis, there ~s mobilization of body 
tat which results in increased milk fat content and increased ketone 
bodies i.n the milk, which may cause covy flavor in the milk (81). 
11 
Fun.ctional P-roperties 
1\1.nctional 'properties are the chemical and physical properties 
of. nd.lk which y.,ould be involved 01· affected in the processing and 
-utilization of milk~ 
Heai S~bilitz 
Rose (73) defined the heat stability of milk as being expressed 
either in terms of the time required to induce coagulation at a given 
temperature or the temperature required to induce coagulation in a 
given time. When milk of normal composition is heated at 160 C, the 
caseinate complex coagulates in a few minutes (12). As the tempera-
·tui·e ia lowered, the time required for coagulation in.creases loga-
rithmically until temperatures approach 100 C ( 12, 95). The time 
required at a given temperature for coagulation to occur can vary 
widely with different milks, depending upon the specific composition 
of each individual milk. 
Man;, workers in this field have preferred to test heat stability 
under conditions approaching commercial production methods for 
evapor~ted milk (69, 84, 96), but the procedure was too cumbersome. 
· Sommer and. Hai·t (84) proposed the sealed-tube technique which has 
been used more widely. In most tests with this sealed-tube technique, 
the small samples were sealed in glass tubes which were rocked or 
shaken so as to cause the milk to flow down the side of the tube while 
being heated, thus providing the operator with an opportunity to see 
any granules that formed. Several methods have been suggested as 
simpler alternatives to the sealed-tube procedure. These included the 
12 
ethanol tu,t (83), the phosphate neat test (67), and the acid test 
(88), all of which were designed primarily to make it unnecessary to 
use a test temperature above 100 c. However, the correlations between 
data obtained by these tests and by heating at higher temperatures 
hav·~ not been fully satisfactory (67) • 
.. 
Factors Affectj~1g the Heat Stability 
Acidity and pH. :Early -work on the effect of acidity and pH on 
heat stability of milk proteins stressed the loss of stabil1ty that 
accompanied slight souring (69, 84, 94), although several authors 
noted that heat stability of some milk increased with the addition of 
au.all amo·un-ts of acid (85, 94). In 1961, Rose (71, 72) clarified :th~ 
relation between heat stability and pH by showing that, in all samples 
tested, the curve relating heat stability to pH passed through a 
maxinrum in the pH range of 6.5-6.7, then_declined (often vecy abrupt-
ly) to a minimum in the pH range of 6.7-6.9. The original pH of the 
milk could fall either above or below the pH at which maximum heat 
stability occurred, so that some milks were stabilized by small 
additions of acid and others by small additions of base. The pH of 
maximum heat stability varied among samples even when these were from 
one cow on different days • 
.!J-bumin and globulin content. The effect of heat on the 
lactalbumin and lactoglobulin in milk may include aggregation (57), 
denaturation (2?), and some complex formation with k-casein (79). A 
high albumin and globulin content undoubtedly contributes to the 
13 
instability of colostrum to heat (.73); however~ data on its influence 
in normal milk have been conflicting (73). Pyne ai,_d McHenry (66) 
fo~d that milk from which most of the lactalbumin and iactoglobulin 
had been removed coagulated in exactly the same time at 120 C as did 
the unaltered milk. The generally accepted view has been that the 
presence of th~se pro-teins is not related to heat stability unless 
their total concentration exceeds .9% (65). 
Relative concentration of ions. For many years, the variation of 
the heat stability of milk other than colostrum has been attributed to 
differences in the mineral composition of the milk, largely because of 
the salt-balance theory of Sommer and Hart (83, 8'+, 85). According to 
their theory, there was an optimum value for the ratio of total 
calcium plus magnesium to total phosphate plus citrate in milk; and 
any deviation from that value, occurring naturally or by the addition 
of salts, resulted in a decrease in the heat stability of the milk. 
The salt-balance theory can be criticized in that the theory was 
established mainly by the effect of added salts on the heat stability 
of milk, and the so-called optimum ratio can apparently vary from milk 
to milk. Also difficulty has been found by Holm et al. (33) in 
relating the experimentally determined salt-balance value to heat 
stability. 
It has been found that when the total or ionized calcium content 
of milk was abnormally high, the milk would be unstable to heat (20). 
In addition, Pyne and McHenry (66) reported an inverse curvilinear 
relation between the effective calcium ion concentration in milk and 
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coagulation time at 130 C. They suggested also that the greater the 
calcium-phosphate content of the caseinate phosphate complex the less 
stable was the milk. Further evidence of the possible importance of 
calcium in relation to heat stability has been obtained by its 
addition to or removal from milk. Webb and Holm (95) have demon.-
etrated that the addition of soluble calcium salts to milk reduced 
hea.t sta.bili ty, whereas the sequesterir"g of some calcium by the 
addition of citrate or phosphate increased heat stability. Webb and 
Holm (95) also noted that, when the concentration of added phosphate 
or citrate exceeded a certain level ·; there was an abrupt decline in 
heat stability, which verified the theory that there must be a proper 
balance. 
Ccagulation of Milk by Rennet 
Since Hammarsten (24) proposed the theory in 1877, it has been 
known that the coagulation of milk by rennet occurs in two sta-ges. 
First, a specific action of rennin on the caseinate, and second, 
coagulation of the product under the influence of calcium salts in the 
milk. Hamm.arsten ts idea may be :represented by the f ollov.ing scheme ( 17) : 
rennin Casein----~> Paracasein + Soluble whey albumin + Ca++ . 
Insoluble clot 
Since recognition of the heterogeneity of casein, it has been common 
to use "paracasein" to identify not only rennin-treated whole casein 
but also individual casein fractions that have been acted on by 
rennin, e.g., ·para-k-casein (52). Mackinlay and Wake (52) stated that 
the non-protein nitrogen, soluble· whey albumin described by 
Hamrnarsten, that ws liberated from casein by the action of :rennin 
came specifically from k-casein. They described the scheme more 
accurately as: 
rennin 
k-casein ------t) Para-k-casein+ Macropeptide 
(Insoluble) (Soluble) 
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In 1962, Cheeseman (11) found that when isolated k-casein was treated 
with rennin at pH 6.7 in the absence of calcium, para-k-casein precip-
itated. Mackinlay and Wake (52) also mentioned that in the ·absence of 
calcium, para-k-casein, which by itsel.f was insoluble, must interact 
with the calcium-sensitive casein _to keep from precipitating. Ernstrom 
and Wong (17) indicated that when k-cas0in, as part of the caseina.te 
micelle, is attacked by rennin its ability to stabilize the mice.lie is 
destroyed. As a consequence, the calcium-sensitive caseinate fractions 
form a clot with insoluble para-k-casein in the presence of calciume 
Qs,agulation Time 
Much of the work on the coagulation of milk by rennet has been 
done for each stage separately. Of more practical interest are the 
attempts to relate the over-all time by both the enzymic and non-
enzymic reactions to form a coagulum, i.e. the rennet coagulation time 
of milk, to the chemical composition of the milk. Jenness and Patton 
(40) stated that coagulailon time is determined most easily by adding 
rennin to the milk at a definite 
required for floes to form. The coagulation time determination has 
been conveniently done in an apparatus as described by Berridge (7), 
16 
in which the sample and rennet were placed in a tube, which was 
rotated at an angle in a thermostatically controlled bath. With st1ch 
an apparatus, the formation of floes in the flowing film of milk on 
the inner surface of t ·he tube is easily observed. 
Factors Affecting the Coagulation Time 
Hydrogen ion concentration. It is well known that the acidity of 
mi.tk is an important !actor governing coagulation time. Some e-v·idence 
of a tendency for coagulation time to increase as acidi-ty decreased 
has been provided by Holm, Webb, and Deysher (33). Sanders, 
· Matheson, and Burkey (75) have given average values for groups of 
milks from individual cows showing that there waB Q progTessive 
increase in coagulation time as pH increased from 6.32-6.39 to 6.80-
7.45; the longest average coagulation time was about 9 times the 
shortest time. There is much evidence of an inverse relationship 
between acidity and rennet coagulation time, e.g., the addition of 
acid to milk or the natural souring of milk shortens the rennet 
coagulation time (55, 78). Presumptive evidence of an inverse rela-
tionship between acidity and rennet coagulation time is the increase 
in rennet coagulation time found with milk from advancing lactation 
(pH increased) (45) and the long rennet coagulation time that has been 
observed with subclinical mastitis milk (pH often high) (13). 
Concentration of calcium ion. No consistent relationship has 
been established between rennet coagulation time and the concentration 
of total or soluble calcium in milk. There is evidence that milks 
't? 
with long i·ennet coagulation times tend. to be low in calcium content 
(33), but Line (50) found that the rennet coagulation time of milk 
in~reased a l:'] the soluble calcium content increased, and he suggasted 
that salt-balance might influence the rennet coagulation time. On the 
other hand, it has been observed that when calcium salts were added to 
mj.lk, the r~nn~t coagulation time decreased (55); and that when some 
calcium was removed, rennet coagulation time increased (78). When 
about 20% of the calcium was removed, coagulation did not occur (78). 
C~ncentration of caseinate and of colloidal calcium phosphate. 
There are conflicting views on whether differences in the caseinate 
complex are partly responsible for the variation in the coagulation 
time of mi lks. Ford et al. (18) reported that the greater the calcium 
phosphate content of the caseinate complex, the larger were the 
complex micelles and the shorter was coagulation time. The inverse 
relation between coagulation time and the particle size of the 
caseinate complex was also suggested by a report (77) that when milk 
was homogenized the size of the caseinate micelles increased and 
coagulation time decreased. On the other hand, White and Davis (97) 
·found that neither the concentration of calcium phosphate nor the 
concentration of caseinate were related to coagulation time. 
Temperature. According to Jenness and Patton (40), the maximum 
speed of coagulation occurred at about 4o C to 42 c. There was no 
coagulation below 10 C or above 65 c. Berridge (6) found that the 
temperature coefficient or the fu~st stage was of the same magnitude 
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as that of general chemical reactions; that is, the reaction rate 
approximately doubled for each in.crease in temperature of 10 C over 
the ~emperature range of O to 1)-0 C~ The tempera-tu.re coefficient of 
the second stage was extremely high; the rate increased by a factor of 
1.3-1.6 per 1 C. The high temperature coefficients are characteristic 
of protein denaturation, and Berridge (6) postulated that the second 
stage of rennet coagulation might involve a dena.turation-type reaction 
in which the molecules uncoiled and unfolded after some essential link 
had been split in the first stage of the reaction. 
Curd Tension 
Curd tension is the m~asurement of the curd firmness a~d is 
netermined by the force required to push a knife through the cu.rd~ 
Curd tension measurements were originally used to select soft curd 
milk, because a low curd tension milk was considered more digestible. 
When it became known that cows with mastitis often produce soft-curd 
milk, the popularity of this product diminished. More recently the 
curd tension method has been modified to use rennet instead of pepsin 
as a coagulating enzyme (39) to test the suitability of milks for 
cheesemaking. Hill and Merrill (32) reported that firm-curd milk 
produced better quality cheddar cheese than milk in which the coagu-
lated curd was soft. Ernstrom and Wong (17) stated "In cheese made 
from soft-curd milk, the moisture content is comparativ~ly high, the 
body is weak and mealy, the fat loss in the whey is high and the yield 
of cheese is low." 
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Factors Affecting .the Curd Tension 
Factors that affect coagulation time also influence curd tension, 
but tha effects are not always parallel. It is generally considered 
that h.i.gh a.CJ.di ty favors the formation of a higher curd tension, 
but Kelley (4.3) demonstrated that curd tension increased -with 
decreasing pH to.a ma.~ firmness at p~ 5.8, below vhich it 
decreased rapidly. However, the coagulation time continued to 
decrease with further lowering of pH. Kelley (43) also found that, 
like coagulation time, curd tension varied considerably with breed and 
individuality of animals producing t..1-ie milk.. It has been generally 
-agreed that the curd tension or the coagulum depended mainly on the 
concentr~:tion of the caseinate complex, with a low concentration 
resulting in a loose curd and high concentration resulting in a 
firm curd (13, 75). Kelley (43) observed that when fat was increased 
by standardizing milk with high testing cream, reduced curd tension 
occurred, which he attributed to a reduction in the percentage of 
casein. Trout (90) reported that curd tension was reduced by 
homogenization, but that it could be restored by increasing the SNF 
content. of the milk. Addition of calc.ium chloride to milk increased 
curd tension, but Kelley (4.3) found no further increase in curd 
tension with the addition of more than .07% CaC12• Kelley (43) 
showed that as the coagulation temperature of milk was increased, 
curd tension also increased up to 41 to /42 C; and he pointed out that 
rennet cu.rd formed above 40 C was more rubbery t.i.an that formed at 
lower temperatures, so the curd knife could not make a clean cut. 
He f_el t that such curd tension measurements do not have the same 
meaning as those taken at lower temperatures. 
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Rece~t Concerns about Compositional Variations of Milk 
~tion between Fat and Solids-Not-Fat 
·The relation between the fat and SNF in milk is of importance in 
the establishment of plans for pricing milk which attempt to take the 
sm, into consideration. Presently milk is used for many purposes 
besides buttermaking and with the increasing emphasis on the nutri-
tional importance of the SNF in recent years, it is natural that the 
attempts should be made to reflect the value of SNF in the price of 
milk. If a constant relation existed between the fat and SNF content 
for all samples of milk, it would be simple to develop a pricing 
. tormula, giving due recognition for the value of the SNF and to apply 
this formula by determining the fat content only. Another reason for 
interest in the relation between fat and SNF is that the legal 
standards for composition of milk usually specify a minimum level of 
fat and SNF. In some cases the legal minimum for SNF is higher than 
the SNF content of actual milk of the minimum fat content (36). 
Extensive surveys of the fat and SNF content of commercial milk 
involving samples of lmown origin were made by Jacobson (38) in 1936 
on the analysis of more than 100,000 samples of milk delivered to 
plants in New England. He found that for each increase of .1 percent 
in fat above 3.0 percent, there was a uniform increase of .o4 percent 
in SNF. From these data, a formula, now known as the Jacobson formu-
la, was developed for expressing the percentage of SNF based on the 
percentage of fat. This formula is as follows: 
% SNF = 8.2? + .4(percent !at - 3) 
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Another formula was proposed by Jack et al. (36) in 1951 and is known 
as the California fbrmula. It is as follows: 
% SNF = ?.O? + (.444X fat test) 
Richardson and Folger (68) in a review of the whole question found 
that different groups of samples exhibited different relationships 
between fat and ~trF and that discrepancies were due, at least in part, 
to inheritance, udder infection, and feed. Many changes, such as 
modifications in genetic characteristics through sire selection, 
shifts in the percentages of each major breed, different amount of 
mammary infection, innovations in feeds and feeding, new management 
practices and environment for herds, have occurred in the dairy 
industry since 1936. Because of these the Jacobson formula may no 
longer be valid. 
Relation between the Casein/Fat Ratio and the Manufacture of Cheese 
Cheesemaking involves the selection and concentration of the 
solid constituents in milk, and the preservation of them in the form 
of palatable food. The milk solids may be divided almost equally 
between the curd and whey and it is the balance between the major 
constituents of the curd, namely the fat and the casein, which deter-
mines the quality and the yield of the cheese. 
In 1966, Kosikowski (45) stated that in order to obtain the best 
yield and quality of cheddar cheese, the optimum casein-to-fat ratio 
in milk should be .7 part casein to one part fat. In 1972, Chapnan 
and Burnett (10) showed an improved grading score for cheese made with 
milk produced during the grazing period (April to October) and 
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associated this with the rising level of casein/fat ratio in the milk. 
McGann (56) found an average casein-to-fat ratio for Irish milk of 
.71, .with the ratio ranging from .79 during May to 065 in November. 
In 1974, Harding and Royal (26) reported casein-to-fat ratios for all 
Milk Marketing Board (MMB) creameries in England and Wales and for 
Northwest of England MMB cheese plants. Their average fat to casein 
ratio was .64 in December with highest value in June (.'72). 
Relation between the Fat/Solids-Not-Fat Ratio and the Manufacture of 
Cheese 
In March of 1974, Chapman (9) aroused much interest among the 
audience at the third Marschall Dairy Symposium held in London by 
discussing the ratio of fat to SNF in milk and its effect on the 
quality and yield of cheddar cheese. He reported that milks stand-
ardized to fat/SNF ratios of .35-.46 made cheddar cheese of good 
quality and milks \.Tith fat/SNF ratios of .46-.48 -would be the best 
for economic production. 
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Analytical Methods for Composition of Milk 
Total Solids and Solids- Not-Fat Content in the Milk 
·Most of the commonly used tests for total solids have been based 
on the principle of heating a precisely determined quantity of sample 
in order to drive off volatile materials which are assumed to be 
moisture. The percentage of total solids is then calculated. using the 
formula (8) ~ 
Percent total solids= Weight of dry residue (rams) X 100 Weight of sample (grams 
The standard method for determination of total solids in milk is 
·the oven-drying method (3), which is the official method approved by 
the Association of Official Analytical Chemists (A..O.A.C.). The 
Mojonnier method (3), a modification of the oven-drying method for 
milk solids, is also approved by the A.O.A.C. and is widely used, 
since it is faster than the standard oven method. 
By relating experiences from collaborative studies, Herrington 
(30) pointed out that there was considerable variation in the way in 
which the standard methods for tot.al solids content were actually done 
in many laboratories, and it was not easy to get reproducible results 
with this method. He stated that in one such study, each of six 
laboratories tested the same four samples of fresh milk for total 
solids by the drying methods; the actual. differences between the 
highest and lowest reported values for the four samples were 
.33%, .55%, 2.81%, and 2.00%, respectively. 
Reference has already been made to published reviews on solids-
not-fat methods (47). Relatively little has been done in th.is area in 
the past 10 years. 'The Watson lactometer (16) and the Golding bead 
· metho~ (15, 16) are now widely accepted and are being u~ed throughout 
the country. Use of the lactometer is based on the principle that . a 
fioating object sinks until it displaces a weight of' fluid equal to 
its own weight • . There are numerous formulas (8) that have been used 
in making the estimation of total solids. The Golding bead test has 
been criticized in that the beads might wear or that coating of th6 beads 
might occur if they were not washed properly ( 44). Erb, Manus·, and 
Ashworth (16) compared the accuracy of the plastic bead method of 
Golding and the lactometer method of Watson and found that the Golding 
bead test was the less accurate of the two tests. 
Protein Content in the Milk 
The traditional test for quantity of protein in a food is the 
Kjeldahl test for nitrogen, with protein calculated from the percent 
nitrogen. Triebold and Aurand (89) gave an explanation of the method 
and stated that the Kjeldahl method consisted of 1), the wet oxidation 
of the sample and the conversion of protein nitrogen into ammonium 
sulfate; 2) the decomposition of the ammonium sulfate with strong 
alkali and the distillation of the ammonia evolved into saturated 
boric acid solution which held the ammonia; 3) the titration of the 
ammonia with standard acid; 4) the calculation of the percentage 
nitrogen in the sample from its weight and the volume of standard acid 
required to titrate ammonia • 
.Although the Kjeldahl method is probably the most accurate method 
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and ha6 been used to standardize or .calibrate the other newly devel-
oped protein determination methods, it is not easy to get reproducible 
re5W:-ts with the Kjeldahl method. Herrington (30) distributed samples 
of the same milk powder to 29 different laboratories to perform 
protein tests by the Kjeld.ahl method and found that the results ranged 
from 33.33% to 3~.99"/4 with a mean of 34.72% and a standard deviation 
or .57. 
The Kjeldahl test is expensive from the standpoint of equipment 
and labor. Recently dye-binding and infrared milk analyzer (lRMA) 
methods have been developed and give satisfactory results at a 
-reasonable cost. According to Kiddy (44) and Campbell and Marshall 
(8), the dye-binding test is based on the binding of anionic dyes by_ 
secondary amide groups in the amino acids arginine, lysine, and 
histidine, which are components of milk proteins. An aqueous solution 
of sulfonated dye buffered to about pH 2.0 was added to a milk sample. 
The protein and the dye that it bound precipitated and were separated 
from the solution of unbound dye. Methods used for separation of the 
soluble and insoluble fractions included centrifugation, filtration, 
and dialysis. 
im~trically. 
The concentration of unbound dye was measured color-
The regression of Kjeldahl protein values on optical 
density readings provided the basis for routine use of this method. 
Dyes used commonly were Amido Black 10 B, Acid Orange 12, and Orange 
G. 
The IRMA was originally developed at the National Institute for 
Research in Dairying (NIRD) (21) in the United Kingdom, and has been 
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furth~r developed by Sir Ho'WS.l'd Grub~, Parsons & Co. Ltd., Newcastle-
upon-Tyne,' England, by whom it is ruanufactured and marketed. Goulden 
(21) demonstrated tha.t the differenc~ between the infrared absorption 
or water and homogenized milk could be used to determine percentage 
ot fat, protein, and lactose in milk. Infrared ~nergy is absorbed by 
the carbonyl groups in the ester linkage of fe.t molecules, by the 
peptide linkages between am.inc acids cf protein molecules, and by the 
hydroxyl groups in lactose molecules at 5.73, 6.46, and 9.6 microns, 
respectively. Go~lden (21) also mentioned that at the wavelength 
corresponding to absorption by protein, there was an interference 
vhich was caused by displacement of water by fat and in consequence 
the protein determination must always be preceded by a determination 
of the fat content for which a correction was automatically applied. 
According to Harding (25), in practice, radiation from an 
infrared source is split into two beams by a mirror system. One beam 
passes through a 37.5 micron optical cell containing the milk sample, 
while the other beam passes through an identical reference cell con-
taining water. The cells, which are mounted in a massive aluminium 
block, are maintained at a temperature of 40 C ±.5 C. This ·block also 
preheats the milk sample on its way to the cell. After passing through 
the cells, the two beams are directed onto a rotating semi-circular 
mirror and then to a diffraction grating. The diffraction grating 
is moved to three distinct positions which enable the radiation of 
the wavelength corresponding to the absorption by fat, protein, and 
lactose to be directed in turn to a thermo-couple detector. The 
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rotating semi-circular mirror enables the absorption in the milk cell 
and the water cell to bo measured alternati·vely, the difference ena-
bling the appropriate milk constituents to be measured. The rate o:f 
analysis for both fat and protein in the same milk samples may be about 
110 per hour (S)" Pr·ecision of protein analysis in IRMA has been re-
port.ed by Harding ~25) as a standard deviation of repeatability of the 
order of .02%; while as previously mentioned, Herrington (.30) reported 
standard deviation of .57% for the Kjeldahl procedure. 
Fat Content in the Milk 
Before 1953, traditicnal testing methods for quantitative milk fat 
determinations were based on three . fundamental principles: 1) cream 
volume measurement, 2) volum.etric measurement of de-emulsified and 
melted milk :fat in a calibrated bottle, and 3) gravimetric measurement 
of ether-soluble l)"l.ilk constituents with the use of special solvents; 
extraction and separation apparatus; and an analytical balance. Meth-
ods using the first principle of cream volume measurement were dis-
carded by industry and regulatory agencies many years ago. The second 
principle o:f volumetric fat measurement is still widely used and is 
exemplified by methods such as the Babcock, Gerber, BDI (Bureau of 
Dairy Industry), TeSa, and others not so well-kno"11l. Methods uti-
lizing this principle require heat to melt the milk :fat and de-
emulsification to free it. A combjnation of one or more of the 
following chemicals are used (59): butyl alcohol; ethyl alcohol; 
isopropyl alcohol; various anionic, cationic, and non-anionic surface 
active agents; glacial acetic acid; sulfuric acid; ammonium hydroxide; 
29 
and other chemicals having flmctions similar -to· those li~ted. The 
third principle involving solvent extraction is still widely used by 
'indust_ry and government agencies because of its precision, accuracy, 
and suitability for milk products a.s -well as milk. The llijonnier (3) 
and the Roese-Gottlieb (3) tests for fat are the best lmown examples 
and are commonly referred to as the 11ether extraction proceduresn. 
Sj_nce 1953, two additional principles have been applied success-
fully to milk fat testing methods. The fourth principle involving the 
turbidity measurements of milk fat emulsions is used in a more ·recent-
ly developed Hilke-Tester method (3). Harding (25) stated that the 
turbidity which occurs when milk is added to water is caused by fat 
and casein micelles. Hence when milk is dispersed -with a diluent con-
taining alkaline ethylenediaminetetraacetic acid (EDTA), casein is 
solubilized and the amount of light scattered by this solution becomes 
dependent only on the number and size of the fat globules. · In the 
Milke-Tester, an accurate volume of milk is introduced, then diluted 
and mixed Yith sodium ethylenediaminetetraacetate (versene), a com-
pound which combines with calcium in the sample and solubilizes protein. 
The mixture is then homogenized before -being passed through a flow-
through cuvette at a right angle to a beam of light. Light that is 
scattered by fat globules does not reach the photocell; hence, the 
higher the fat concentration, the less light received and translated 
into a numerical value (the fat percentage). The rate of ana}3sis is 
about 80 tests hourly with the manual model (MK II Milke-Tester) or 
about 100 tests per hour with the fully automatic model (Hilke-Tester 
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Automatic) (8). It has been reported .that the precision of the Milko-
Tester in terms of standard deviation of repeatability was of the order 
of .02% (25). The fifth principle is ' based on the absorption of infra-
red energy at specific wave lengths by the ester bonds in the milk fat 
molecules. The IRMA device is based on this p1·inciple and has been 
reviewed previously. 
Lactose Content in the Milk 
Jenness and Patton {40) stated that there likely are more methods 
for the measurement of lactose than for any other milk constituent. 
This fact indicates the inadequacy of some of the methods. According 
to Campbell and Marshall (8), several methods have been used to measure 
the lactose content in milk, which include: 1) polarimetry, 2) reduc--
tion of substrate, and 3) infrared analysis. For the polarimetric de-
termination of lactose, protein and fat are removed from a definite 
volume of milk sample by precipitation and filtration, then the -amount 
of lactose in the clear filtrate is determined by measuring its ability 
to rotate the plane of polarized light. Rotation of polarized light is 
a characteristic of a sugar solution; the amount of rotation is 
dependent on concentration of the sugar (40). 
Lactose is a reducing sugar, and under proper conditions it will 
reduce certain substances. Thus the amount of lactose can be related 
to the quantity of substance reduced. In the :t-hlllson-Walker method (3), 
cupric salt is reduced to cuprous oxide (cu2o) by lactose. Protein and 
fat are removed from a sample of milk of known weight by treating with 
a precipitating agent and filtering. On heating the clear filtrate · 
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with alkaline copper sulfate, Cu,.p precipitates and is weighed. Lac-~. 
t,ose equivalent to the quantj_ty of oxide is read from a Munson-Walker 
'table _(3) of equivalents. In the pic·ric acid method ( 64), a sample of 
milk of known weigh·t is ·mixed wj_th a saturated solution of picric acid, 
and the mixture is filtered. \·lhen sodium carbonate (Naf 0:) is added 
and the mixt1.'!.re is. boiled, the yellow pic;ric acid is reduced to 
mahogan_y red picramic acid by lactose. The quantity of picramic acid 
is determined colorimetricaJ.ly at 520 nm. This quantity is propor-
tional to the amount of lactose present. The chloramine-T method (40) 
is also based on the principle of reducing ability of lactose. In 
this method, an excess of potassium iodide and, later, a known quantity 
of· chloramine-T are added to a measured amount of clear filtrate from 
milk. Iodine is liberated from potassium iodide by the chloramine-T 
that is not used in the oxidation of lactose. The iodine so released 
is titrated with a standard solution of sodi~ thiosul.£ate, and the 
volume is subtracted from the amount used to titrate a blank solution. 
By means of an equation, the percentage of lactose can be calculated. 
The methods based on reducing ability of lactose are rather empirical 
methods since the amount of reduced substance formed depends markedly 
on the reaction conditions (40). So the reaction conditions have to 
be controlled carefully and identically in determinations from day to 
day in order to get great precision. 
Certain other factors have also been reported which interfered 
with the analysis for lactose. Lactose formed complexes with protein 
on heating or it might be hydrolyzed either enzymatically or by heat 
and acid (61). Lactose can also be determined ·by the W1A, which is 
the same instrument ·used to test for milk pr.otein and fat. Precision 
· ot lactose analysis in IRMA was reported by Harding (25) as having a 
standard deviation of repeatability of the order of .02%. Fat, 
protein and lactos e can be completed in approximately 40 seconds for 
one sample (8). 
The ·colorimetric phenol-suJ.furic acid procedure of Lawrence (48) 
is based on the principle that when lactose is heated with concen-
trated sulfuric acid a furfural derivative is formed; and that ·this 
furfural derivative, in turn, forms a color product when it is reacted 
with phenol. The intensity of the color developed is proportional to 
the amount of lactose present. It is measured by deter mining optical 
density using a spectrophotometer at 490 nm. The phenol-sulfuric acid 
method is not subject to the limitations of the reducing methods and 
obviates the expense of the IRMA equipment. 
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MA'l~IALS AND !wtE'.I'HODS 
Sample Collection, Storage, and Analyses Performed 
South Dakota was divided into sev·en a~eas (:F'ig. 1) from which 
milk was obtained. Actually, transport problems prevented receiving 
fresh sampies from area IV; and only two sampli:n.gs were received. from 
a plant in area VI. However, two plants in area I cooperated by 
sending samples. The general geographical locations of the six plants 
which submit-ted samples for this s-urvey did provide representation of 
the major _dairy sections of -the state. Plants were located as 
follows: plants 1 and 2 wex·e from area I; plant 3 from area II; plant 
4 from area III; pl,ant 5 from area V; and plant 6 from area VII. 
Two one-half gall on samples of commingled milk were taken by 
plant employees in each plant on alternate weeks for twelve months in 
1975 and early 19·76 (February 1975 to January 1976). These samples 
were packed in ice in styrofoam insulated containers and shipped to 
the Dairy Science Department of South Dakota State University at 
Brookings. After removal from the ice bath the samples were refrig-
erated at 3.3 C in a home .style refrigerator. 
F..ach sample was analyzed for total protein, casein, whey protein, 
total fat, lactose, ash, total solids, titrable acidity, pH, and 
individual mineral salts of calcium, magnesium, phosphorus, and 
citric acid. Each sample was also tested for the functional. prop-
erties of curd tension, coag,.1lation time, and heat stability. 
Area VI · Area IV Area I 
Area 11 
Area VII Area V 
Area ! l I 
Fig. 1. Seven areas in South Dakota from which milk was obtained. 
~ 
Compositional Analyses 
Protein content. The protein fractions were separated by 
Rowland's met.hod (74) and analyzed for nitrogen in each fraction by 
the Kj eldahl method . (3) • 
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Fat content •. Fat content was deter~ined on a A/5 N Foss 
Electric iilko-Tester MK IIQ Duplicate determinations were run on 
each sample, and the tester was calibrated by use of. the Babcock test 
(3). 
Total solids content. The total solids content was determined 
by the A.O.A.C. standard oven-drying method (3). 
Solids-not-fat content. The solids-not--fat content was computed 
as the difference between total solids content and the fat content. 
Ash content. The ash content was determined by the A.O.A.C. 
official method (3). 
Lactose content. The original method proposed by Lawrence (48) 
for the quantitative determination of lactose in milk was modified in 
the procedures of dilution in this work. The modified dilution 
procedures as used were: 
a. Pipet sample of 25 ml of milk into 250 ml volumetric flask 
and make up to mark with distilled water. Mix (1:10 dilu-
tion). 
b. Pipet aliquot sample of 10 ml from 250 ml flask into 1,000 ml 
volumetric flask and make up to mark with distilled water. 
Mix (1:1,000 'dilution). 
Because of the high sensitivity o! this method (0-1·00 ,.ug/ml), the 
original method with pipetting 1.0 ml of milk into 1,000 ml volumetric 
fiask for preparing 1:1~000 solution held a greater possibility of 
introducing errors . in dilution and the final results for lactose 
content. It was thought that the modification given above could 
diminish the problem and increase the repeatability of this method~ 
Calcium .and magnesium content. The quantitative determinat~on of 
calcium and magnesiv.m in milk was conducted by the method proposed by 
Ntailianas and Whitney for direct complexometric determination of 
calcium and magneoium (62). 
Phosphorus content. For the quantitative determination of 
phosphorus in milk, Morrison's method (58) was followed and adapted 
to milk with some modification, since original procedure was for 
determination of lipid phosphorous. The modified procedure was as 
follows: 
a. Pipet 2 ml of milk sample into 100 ml volumetric flask, and 
dilute to volume with distilled water. 
b. Transfer 1 ml aliquots of -the diluted sample solution to a 
30 ml micro-Kjeldahl flask. 
The rest of the procedure was followed strictly as given in the 
original method. 
Citric acid content. A direct determination of citric acid in 
milk was made with Bh improved pyridine-acetic anhydride method 
·proposed by Marier and Boulet (53). · 
Titratable acidity. Titratable acidity was determined by the 
procedures recommended by a committee of the American Dairy Science 
Association (59). 
R!!• For the pH determination, a Sargent pH meter model WA was 
used. 
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Functional Prope~ties Tests 
Curd t ension. A 100 ml quantity .of milk was measured into 150 ml 
beakers and adJusted to 33 C in a water bathe After sample tempering_ 
to 33 C, 2 ml of 2% rennet (2/100 dilution or commercial rennet) were 
added. To ensure ~equate miring, the sample was poured back and 
forth 6 times between beakers. Then the beaker was covered and placed 
in a 33 C water bath for exactly 30 minutes. The curd tension 
readings, measured in grams, were taken as the surface of the curd was 
cut by a Submarine Signal C ompa.ny curd tension meter. Three replica-
tions were used fer the average. 
Heat stabili t y. Storr~ test (88) was used to determine heat 
stability. By -this test, increments of .1 N Eel -were added to a 
series of test tubes containing 10 ml of milk each. Tubes were 
immersed in boiling water for 10 minutes, then examined for coa~a-
tion by tipping. The hundredths of milliliter of .1 N IDl that caused 
coagulation was recorded as the stability number or the milk. 
~t coagulation time. For rennet coagulation time measure-
ment, the method of Jen and Ashworth (39) was used in this research, 
whereby .5 ml or a 1:10 dilution of commercial rennet extract was 
added to 5 ml o.f milk in a test tube. Time ws recorded for formation 
of the first flecks of curd on the side of the test tube in a bath at 
36 c. The average of three replication values was taken as the 
coagulation time. 
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Sta·tistical Analyses 
Most of the statistical analyses (means, standard deviations, 
correlations) ·were calculated at the University Computer Center. The 
significance of variations of composition in milk due to season 
(month) and to area (plant) were measured by least squares analysis 
of variance. The. significance of diffe~ences among months for each 
component vas tested by Student-Newman-Keul's test (87). The 
significance of plant differences for each component was also tested 
by Student-Newman-Keul's test. 
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RESULTS AND DISCUSSION 
Gross Compositic11 of South Dakota Mi~ 
The mean gross composition of milk from six plants in South Dakota 
dtU·ing the period .lt,ebruary 1975 to January 1976 is shown in Table 4 • 
.As is usually true, there was less variation in the composite milks 
than has been report~d (~D) to be true of variations in the milks from 
individual cows. It is apparent that most of the major constituents 
varied 10-20% between lowest and highest values. The mean value of the 
fat content· was approximately that of typical Holstein milk (99),-which 
might have been expected, since the predominant breed in South Dakota 
is Holstein (about 95%). The total solids, protein_. and SNF content of 
South Dakota milk were lo\rer than the values reported for average con-
tent of Holstein milk of 22 states in a recent U.S.A. survey (99) and 
in Canadian studies (1). The overall low mean values for to:tal solids, 
rat, protein, and SNF content of South Dakota milk were comparable to 
low values reported by Herrington et al. (31) in 1972 for milk in New 
York State, where the Holstein breed also predominates. 
The significance of variations in composition of milk due to 
season (month) and to area (plant) was measured by least squares 
analysis of variance; but no study was made on the ei'fects of 
management or feeding, except where these factors were included in 
plant differences. rhe results from analysis of variance of the data 
are listed in Table 5 and indicate that there were significant 
compositional differences that occurred in the commercial composite 
bulk milk samples, both from month to month and among plants. All the 
Table 4. The average composition and f1mctional properties of raw 
milk· received from f»ix plants in South Dakota during the period 
February 1975 - Jariuary 1976. 
Total solids(%) 
Fat(%) 
Total protein(%) a 
Lactose(%) 
Ash(%) 
S?U' (%) 
Protein fraction 
Casein(%) 
Whey protein(%) 
Mineral 
Calcium (mg/100 ml) 
Magnesium (mg/100 ml) 
Phosphorous (mg/100 ml) 
Citric acid (mg/100 ml) 
pH 
Titratable acidity(% as lactic acid) 
Functional properties 
Heat stability number b 
Curd tension (g) 
Coagulation time (sec) 
Mean 
value 
12.020 
3.689 
3.086 
4.755 
.692 
8.332 
2.307 
~592 
139.086 
11.019 
97.205 
192.114 
6 • .563 
.179 
48.752 
52.:;10 
24.489 
Standard 
deviation· 
.322 
.211 
.127 
.143 
.012 
.219 
.109 
.o45 
4.545 
.845 
2.721 
9.989 
.128 
.o:;o 
20. 761 
25.475 
13.818 
a Converted on basis of total nitrogen, which would contain 
approximately 5% non-protein nitrogen. 
bThe hundredths of milliliter of .1 N HCl that caused 10 ml of 
mi1k to coagulate in boiling water in 10 minutes. 
Table 5. Results of least squares analysis ot variance for the compositional variations in milk 
due to season (month) ~.nd to area (plant). 
Mean .sguare 
Variable Plant Month Plant Month ----------------------- ----------
Degrees of freedom 5 11 54 
Total solids 
Fat 
Solids-not-fat 
Total protein 
Casein 
Whey protein 
Lactose 
Ash 
Calcium 
Magnesium 
Citric acid 
Phosphorous 
••significant (P(.01). 
1.2610 .. 
.1949•• 
.6785 .. 
.1777•• 
• 0780** 
.0153** 
.1483•• 
.0014** 
52 • .5068•• 
2.2433** 
513.5706•• 
31.9039•• 
1.1038•* .0762•• 
.6377•* .0259•• 
.2049•• _0516•• 
.1542•• .0150•• 
.1147•• .0142•~ · 
.0189•• .0024•• 
.0650•• .0251•• 
.001_3u .0001•$ 
346.0553** 9.3067•• 
7.2371•• .8528•• 
752.1224•* 170.1613•• 
60.4826•• ·9.8843•• 
Remainder 
203 
.0247 
.0111 
.0214 
.0044 
.0039 
.0007 
.0138 
.0005 
4.5722 
.2763 
33.2174 
3.018o 
-l; 
constituent~ which were analyzed thr,oughout · a whole year in this 
Ft1J.rvey did vary aign,ificantly with month and also showed significant 
.differences amoug plants. The detaiied comparisons for each component 
among different rnonth.s ~d plants are shown in later tables for 
ino.ividual compo.nent · discuss ion. 
_!otalJ solids. Average \'alues for total solids content of milk 
from six plants during the period February 1975 to January 1976 are 
shown in Table 6, with significant monthly and plant differences 
indicated. Overall monthly or plant means with different letters in 
a row or a column differed significantly (P<.01) by Student-Newman-
Keul's test. Average · seasonal values for each month are shown 
graphically i11 Fig. 2. The average total solids content for all 
samples tested was 12.020/4 with fairly high seasonal variations giving 
low total solids values from April to September and high values from 
October to March. Lower than average values. were obtained in the milk 
from plants 1 and 2, and relatively higher than average values were 
obtained in milk from the other plants (Table 6). In terms of 
locality, milk from the northeastern area of the state had signifi-
cantly lower solids content than that from other areas of the state. 
This area included the largest milk producing county in the state. 
Evidently, when the farmers selected cows to produce more milk, higher 
total solids content in milk was lost in -the effort to gain more 
production. These results suggest that a future investigation should 
be done in t his area to study in more detail the effects of manage-
ment, feeding, or environmental f actors en the composition of the 
Table 6. AYerage nluee tor total solids content of milk from six South Dakota plants during the period February 1975 - Janua1"7 
1976. 
• Total no. % Total solids Overall 
Plant of samples Feb. Mar. A'2_r. Maz Jun. Jul. Aug. Se12. . Oct. Nov. Dec. Jan. ev<:ro5e 
1 50 11.93 11.92 11.79 11.74 11.64 11.53 11.65 11.84 12.14 11.54 11.98 12.08 11.81° 
2 36 11.85 11.61 11.44 11.41 --- 11.61 11.75 11.83 12.44 12.02 11.72 12.11 11. 78 C 
3 48 12.19 12.16 12.03 11.83 11.93 11.69 11.77 11.94 12.12 12.36 12.32 12.42 12.o6 b 
4 50 12.35 12.30 12.20 11.94 11.92 11.69 'i 1.81 12.15 12.34 12.37 12.43 12.55 12.17 n 
5 42 12.19 12.16 11.68 11.79 11.88 11.78 11.49 11.93 12.30 12.09 12.34 12 .. 59 '"· 12.02 .. 
6 48 12.56 12.33 12.04 11.84 12.o4 11.74 12.10 12.03 12.36 12.32 12.38 12.43 12.18 a 
• Overall 2?4 , 12.18b 12.08° 11.86d9 11.79ef11.84d9 11.67f 11.?6 9 f11.95d 12.28 8 b12.12C 12.19bc12.36 8 12.02 average -• ()yerall monthly means vith different letters in a rov differ significantly (P<.01) by Student-Nevman-Keul's test • 
•• Orerall plant mean.a vith different letter• in a column differ significantly (P(.01) b7 Student-Nevman-Keul'• teat. 
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Fig. 2. Monthly values for total solids content of milk from 
six South Dakota plants during the period February 1975 -
January 1976. 
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·milk. 
Fat. Average values for fat content of the milk from the six 
individual plants during the period February 1975 to January 1976 are 
shown in Table 7. Monthly average values for the fat content are 
shown in Fig. 3, and tend to follow the traditional seasonal pattern 
for f'at in areas.having summer grazing and stored feed in winter, 
with the level being high in late fall and winter and low in summer. 
The average results showed that the milk contained below 3.5% fat in 
only three months of the entire year·, namely, May, June, and July. 
The fat content of the South Dakota milk sampled also showed signifi-
cant differ enc es among plants with significantly lower fat perc_ent-
ages in the milk from plants 1 and 2 in the northeastern part of the 
state. The average fat content for all the samples tested during 
this investigation was 3.69°/4. 
Total protein. The average total protein content for all the 
year's samples was 3.08% (Table 8). There were marked seasonal 
changes in total protein content (Fig. 4). The protein content 
started at a high level in February and then dropped rapidly until 
the end of May. In June the protein percent increased, presumably 
when the cows had best grazing on grass; then the protein content 
dropped to a low again in July and August, after which it slowly rose 
until the end of the year. Although these wre only one year's data, 
the protein seasonal variations pattern was very similar to the 
protein seasonal changes pattern of Ontario milk (35). Ontario has 
Table 7. ATerage Taluea for tat content of milk from eix South Dakota plants during the period February 1975 - JanU&l"J ~976. 
Total no. % Fat •• Overall 
Pl.ant ot eamples Feb. Mar. Apr. Maz Jun. Jul. Aus. Se:E• Oct. Nov. Dec. Jan. averase 
1 50 3.57 3.78 3.65 3.55 3.39 3.43 3.49 3.69 . 3.80 3.73 3.71 3.75 3.63 C 
2 36 3. 70 .,.,.s 3.44 3.40 --- 3.57 3.57 3.63 3.76 · 3.87 3.72 3.75 3.60 ° 
' 48 3.8o 4.03 3.75 3.57 3.43 3.48 3.53 3.65 3.82 3.90 3.98 4.13 3.75 a 4 50 3.90 3.98 3.83 3.56 3.47 3.54 3.51 3.69 3.93 3.92 3.94 3.97 3.77• 
5 42 3.68 3.80 3.62 3.43 3.4o 3.51 3.50 3.59 3.84 3.81 3.79 4.05 3.67 be 
6 48 3.88 3.84 3.72 3.50 3.35 3.37 3.47 3.67 3.93 3.82 3.83 3.81 3.68 b 
~erall 274 3.75 b 3.82 ab 3.67 C 3.50d 3.39 e 3.48 d 3.51 d 3.65 ° 3.85 ab 3.84 ab 3.83 ab 3.91 a 3.69 aTerage 
-
• Overall monthly means vith different letters in a row di.fter significantly (P<.01) by Student-Nevman-Keul'a teat • 
•• Overall plant means vith different letters in a column difter aiS'l).ificantl.y (P(.01) by Student-Nevman-Keul'a teat. 
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Fig. 3. Monthly values for fat content of milk from six South 
Dakota plants during the period February 1975 - January 1976. 
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Table 8. Anrage nluea tor total protein content of milk from six So1'th Dakota plants during the period February 19?5 -
Janua17 1976. 
Total no. % Total ..,l"otein Overall 
Pl.ant ot eamplea Feb. M.:ir. AP!:• Maz Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. averag:e 
1 50 ,.05 2.98 2.93 2.94 ,.oo 2.93 2.87 3.12 3.09 2.98 ,.08 2,.99 2.99 ° 
2 36 3.09 2.87 2.88 2.86 --- 3.01 3.10 . 3.1.3 3.19 3.08 2.95 3.09 3.02 C 
3 48 3.09 2.88 3.01 2.95 3.o8 3.02 3.05 3.14 3.12 3.22 3.15 3.12 3.07 b 
,. 5o 3.16 3.11 3.07 2.99 3.05 2.97 3.03 3.11 ,.21 3.21 3.25 3.28 3.12 a 
5 42 3.20 3.16 · 2.95 3.03 3.08 3.06 3.00 3.20 3.23 3.28 3.26 3.21 3.14 a 
6 48 3.20 3.17 3.01 3.04 3.09 2.96 3.10 3.17 3.15 3.25 3.32 3.27 ,3.14 a · 
• Overall 274 3.13 b 3.03 cd 2.97 cd 2.97 d 3.05 C 2.99 cd 3.02 cd 3.15 8 3.16 8 3-17 8 3.,17• 3.17• 3.09 a-yerage 
•Overall monthly meana vith different letters in a rov differ significantly (P(.01) by Student-Newman-Keul'e teat. 
••Overall plant means vith different letters in a column differ significantly (P(.01) by Student-Revman-Keul'a teat. 
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Fig. 4. Monthly values for total protein, casein, and whey 
protein contents of milk from six South Dakota plants during 
the period February 1975 - January 1976. 
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the same breeds of cows, similar climatic conditions, and similar 
feeding practices to ' those of South Dakota (35). Concerning plant 
'di!fer_ences in total protein content ·of milk, it can be seen (Table 
8) that while ·the milk from plants 1 and 2 of northeastern South 
Dakota had significantly lower values, results for milk from plants 
51 
4, 5, and 6 of the. southeastern, south central, and west central parts 
of the state were not significantly different from each other. 
Casein. Monthly and plant averages for casein content of the 
milk during the period of sampling are given in Table 9. The seasonal 
variations in casein closely followed the variations in total protein 
(Fig. 4) in that it fell from January to April then started rising 
above the average in September and reached a peak in November. The 
average casein content for milk collected during the entire year was 
2.31%. Results in Table 9 also indicated that only milk from plants 
of northeastern South Dakota had casein content significantly lower 
than that of other plants. 
As is known, it is the casein that forms the curd with rennet and 
traps the fat in cheesemaking. It follows that the yield of cheese 
will be low if the casein content is low; so any fluctuations in the 
casein content are of importance to the South Dakota cheese industry. 
Managers must be aware of casein fluctuations for proper management 
in the plants and understand that if milk contains lower casein in 
summer months when plants receive the greatest production, there is 
no way that cheesemakers can make as high a yield as that of the 
other months of the year. 
!able 9. ATerage .aluea tor casein content of milk from aix South Dakota pl.ante during the period February 197.5 - January 19?6. 
Total no. % Casein Overall 
Plant ot samples Feb. Mar. AE!:• Maz Jun. Jul. Aus:. SeE• Oct. Nov. Dec. Jan. avernse 
1 50 2.31 2.27 2.18 2.21 2.25 2.19 2.11 2.37 2.33 2.26 2.35 2.28 2.26 o 
2 36 2.39 2.14 2.16 2.12 --- 2.22 2.31 2.33 2.36 2.26 2.13 2.34 2.25 C , 48 2.37 2.14 2.23 2.19 2.33 2.27 2.27 2.34 2.34 2.42 2.38 2.35 2.30 b 
.. 50 2.37 2.35 2.30 2.23 2.29 2.22 2.22 2.28 2.4o 2.42 2.44 2.45 2.33 ab 
5 42 2.43 2.37 2.19 2.26 2.23 2.31 2.24 2.41 2.45 2.5'1 2.44 2.48 2.36 a 
6 48 2.37 2.35 2.13 2.29 2.30 2.21 2.35 2.37 2.31 2.39 2.47 2.46 . 2.33 ab . 
Overall 274 2.37 8 2.27b 2.20 o 2.21 be 2.27 b 2.24 bo 2.25 be 2.35 8 2.36 8 2 .. 38& 2.37• 2.39• 2.31 ayerage 
•Overall monthly means with different letters in a row differ sig.uiti~ant).y (P(.01) by Student-Nevman-Keul'e test. 
••Overall plant mean.a with different letters in a column ditter aignifioantl.7 (P(.01) by Student-Nevman-Keul'a teat. 
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~t-)y __ p:rotein.. The average whey protein value for all the 
year's samples was ·.59% (Table 10). Whey protein content was lower 
than . average in February through. July; then from August it rose 
slightly to the end of ·the year _(Fig. 4). The seasonal pattern 
aho~'D. by whey protein in South Dakota milk was contradictory to the 
results of Herri~gton et al. (31) which_showed that the whey protein 
content of milk in New York State was low in the fall and winter and 
high in the summer. The data in Table 10 show that the whey protein 
content of milk from the northeastern part of the state was signifi-
cantly lower. The milk from the plants of west central and south-
. ·eastern areas showed . significantly higher whey protein content. 
The biological value of the whe:, protein is the highest among 
proteins. From the nutritional viewpoint, it would be favorable to 
increase whey protein in milk intended for human fluid consumption. 
However, for the cheese industry, the opposite may be desirable, 
since the whey protein is a major problem in pollution control. 
Solids-not-fat. Average values for SNF content in the milk 
.from the six individual plants during the period February 1975 to 
January 1976 are given in Table 11. The combined average monthly 
values are also shown graphically in Fig. 5, together with results 
for total protein and lactose, which constitute the major portion of 
SNF in milk. The average SNF for all the year's determinations was 
8.33%. In this survey, SNF results below the average were obtained 
during the periods March to May and July to September, when total 
protein results were also low (Fig. 5). Higher SNF values were 
Table 10. Average nlues for whey protein content of milk from six South Dakota plants duriJJg the period Februal"J' 1975 - -
January 1976. 
Total no. ~ Whe;i: Eotein Overa11 •• 
Plant of samples Feb. Mar. A;e:. Ma;y: Jun. Jul. Aug. Se;e. Oct. Nov-. Dec. Jan. avero,se 
1 50 .56 .54 .56 .55 .56 .57 .58 .60 .60 .56 .57 .54 .• .56~ 
2 36 .52 .53 • .52 .55 --- .58 .61 .63 .68 .65 .65 .59 . .59 b 
' 48 .53 .57 .57 .56 .57 .56 .60 .62 .61 .64 .64 .61 .59 b I+ 50 .60 .55 .58 .58 .57 .57 .62 .64 .64 .63 .65 .66 .61 a 
5 42 .58 .60 .53 .58 .56 .58 .59 .59 .62 .60 .65 .61 .59 b 
6 48 .58 .63 .64 .57 .59 .57 .56 .63 .66 .67 • 66 .63 .61 a . 
Overall• 274 • .56 d .57 4 .57 4 .56 4 .57d ayerage .57
4 
.59 ° .62•b .63 a .62 ab .64 8 .60 be .59 
•()yerall monthly means with different letters in a row differ aigniticantly (P(.01) b7 Student-Nevman-Keul's teat. 
••Overall plant means with different letters in a oolUIID differ sigzrl.ticantly (P(.01) by Student-Hevman-Keul'• test. 
'i-
Table 11. ATerage yaluos tor SNF content of milk from six South Dakota plants during the period Februal"J' 19?5 - January 19?6. 
Total no. % SNF Overall•• 
Plant ot samples Feb. Mar. Apr. Maz Jun. Jul. Aug. Sep. Oct. Nov. • Dec. Jan. avera~e 
1 50 8.36 8.15 8.14 8.19 8.26 8.10 8.16 8.15 8.34 7.81 8.27 8.32 8.19 d 
2 36 8.15 8.13 8.oo 8.00 --- 8.04 8.18 8.21' 8.67 8.15 8.oo 8.36 8.18 d 
3 48 8.39 8.13 8.28 8.26 8.51 8.22 8.24 8.28 8.30 8.46 8.34 8.30 8.31 C 
4 50 8.45 8.30 8.37 8.41 8.46 · 8.15 8.30 8.46 8.41 8.45 8.49 8.58 8.40 b 
5 42 8.51 8.36 8.06 8.36 8.48 8.27 8.06 8.34 8.46 8.28 8.55 8.55 8.36 be 
6 48 8.69 8.48 8.33 8.34 8.68 8.37 8.63 8.36 8.44 8.51 8.55 8.63 8.50 • 
Ovora11 • 27'+ 8.42 a 8.26 be 8.20 be 8.26 bo 8.45 a 8.19 ° 8.26 be 8.30 b 8.44 a 8.28 be 8.36 ab 8.46 a 8.33 average 
•Overall monthl.7 means vith ditterent letters in a row ditter significantly (P(.01) b7 Student-Newman-Keul'a test. 
••()yerall plant means vith different letters in a colWDD differ significant~ (P(.01) b7 Student-Nevman-Keul'a teat. 
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Fig. 5. Monthly values for SNF, lactose, and total protein 
contents of milk from six South Dakota plants during the period 
February 1975 - January 1976. 
5? 
obtained during the period October to. February. This corroborates 
the general assumption that the seasonal changes occurring in SNF are 
largely due to changes occurring in protein content. 
Just as plant diffe·rences occurred for total protein content in 
South Dakota milk, significantly lower SNF contents occurred in milk 
from the plants of.the northeastern :part of the state. Moreover it 
is noteworthy that the plant averages for SNF content in these two 
plants were both lower than the legal standard of 8.25% for SNF in 
milk. This is a serious problem occurring in the northeastern -part 
of the state. Likely more research should be done to find ways to 
improve the situation in order to improve returns to both the 
producers and the processors. 
Lactose. The average lactose content for all samples tested was 
4.?6%. Only small average monthly and plant variations were found 
for lactose (Table 12; Fig. 5), results being only .08% higher in 
June and .12°/4 lower in November than the overall average. Even in 
plants 1 and 2 where low SNF values were found, the lactose contents 
were only .05-.06% lower than the overall average. The milk from 
plant 6, west central South Dakota, was found to be significantly 
higher in lactose than the other plants. 
~- The ash content is generally thought to be one of the most 
..,,.,., 
constant factors in composition of milk. The ash content for all the 
year's samples tested in this survey showed average plant and monthly 
variations of less than ±.02% from the average of .69% (Table 13) 
Table 12. Average nlues tor lactose content ot milk tr011 six South Dakota plants during the period February 1975 - January 
19?6. 
Total no. % Lactose O,,erall •• 
P111nt of sam;elea Feb. Mar. A;er. Ma;t Jun. Jul. Aug. Se:e. Oct. Nov. Dec. Jan. averase 
1 50 4.82 4.74 4.72 4.84 4.73 4.68 4.81 4.60 4.74 4.36 4.67 4.81 4.71 C 
2 36 4.59 4.76 4.66 4.72 --- 4.58 4.68 4.68 4.93 4.62 4.59 1+.77 4. 70 ° 
3 48 4.81 4.86 4.77 4.75 4.86 4.71 4.69 4.73 4.69 4.77 4.68 4.74 4.75 be 
4 50 4.78 4.79 4.82 4.87 4.89 4.70 4.76 4.86 4.70 4.75 4.71 4.80 4.78 b 
5 42 4~83 4.72 . 4.65 4.79 4.79 4.70 4.53 4.72 4.71 4.55 4.74 4.?5 4.71 ° 
6 48 4.89 4.91 4.83 4.82 4.99 4.87 5.01 4.80 4.73 4.76 4.72 4.84 4.85• · 
Overall• 274 4. ?9 ab 4. ?9 ab 4. 74 abc 4.80 ab 4.84 a 4• 71 abc Ir,. 74 abo 4• 73 abo 4_ 75 abc 4_64 c 4.68.abc 4.78 ab 4.76 average 
•Overall monthly means with different letters in a row differ aigniticantly (P(.01) b7 Student-Newman-Keul's test. 
••()yerall plaiit aeana with different letters in a oolWIID differ significantly (P(.01) b7 Student-Newman-Keul'a test. 
\J1 
00 
Table 13. AYerage Taluee for ash content of milk from six South Dakota plants during the period February 1975 - January 1976. 
Total no. - ~ Ash Overall•• Plant of samplea Feb. Mar. AP!• Ma;?: Jun. Jul. Aug:. Sep. Oct. Nov. · Dec. Jan. average 
1 50 .69 .69 .68 .69 .68 .68 .68 .69 .70 .68 .69 .70 .69·c 
2 36 .68 .68 .68 .68 --- .67 .68 .68 .70 .69 .61 .?O 068 d 
' 48 -70 .70 .69 .70 .68 .69 .69 .69 .70 .71 • 70 .71 • ?'O a 4 50 .71 .70 .68 .69 .70 .69 .69 .70 .70 .71 • 70 .71 .?Oa 
5 42 .69 .69 .68 .68 .69 .69 .69 .69 • '70 .69 .70 .71 .69 bo 
6 48 .71 .?O .68 .70 .68 .69 .69 • 70 .70 .70 • '10 . 71 .70 a · 
Overa11 • 274 .69 be .69 bed .68 g _69 cdet _.68 fg •68 etg _68 defg _69 cde • 70 b .'70 bo .69 be .71 a .69 average 
•0verell monthly means vith different letters in a row ditter aignificantIJ- (P(.01) by Student-Newman-Keul'a teat. 
•• C>Yerall plant means vith different letters in a column differ aignitioantl.7 (P(.01) by Student-Nevman-Keul • a teat. 
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Fig. 6. Monthly values for ash content of milk from six South 
Dakota plants during the period February 1975 - January 1976. 
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which is characteristi~ of Holstein milk (99). · Ash content tended to 
be higher in the early winter months of November, December, and 
·January (Fig. 6), b11t the magnitude of this effect was ~ot great. 
The data in Table ·13 also show significantly higher ash content in 
milk from plant 6 of the west central and plants 3 and 4 of the east 
central and south~ast, whereas the lowest ash content was obtained in 
milk from plant 2 of the northeast area. 
Calcium. The average total calcium content of all milk samples 
was 139.09_mg/100 ml,whichis similar to the normally reported v~lues 
(4o). The calcium content tended to be significantly lower in the 
months of March to July and higher in the late fall and winter months 
of Octo'ber, November-, December, and January (F-lg. 7). As w.:ls t~ue 
with other components, milk from plants from the northeastern part of 
the state was found to have significantly lower calcium content than 
the milk from other plants (Table 14). 
Magnesium. The average total magnesium content of all samples 
was 11.02 mg/100 ml, which is in the range of normally accepted 
values (40). The amount of magnesium was lowest in the winter and 
reached highs in early spring (Fig. 8). During the months that 
calcium content was high (Fig. 7) -the magnesium content tended to be 
low (Fig. 8). This negative relation between calcium and magnesium 
contents in milk was also found by Nickerson (60) in California milk. 
Concerning plant differences (Table 15), milk from plants of the 
northeast and south central parts of the state had significantly 
Table 11+. berage yaluea tor calcium content of milk from eix South Dakota plants during the period Februa17 1975 - January 
1976. 
Total no. Calcium (mu100 ml) Over&11 •• 
Plant ot anmples Feb. Mar. AJ:!r• Mn;y: Jun. Jul. .Au~. BeE• Oot. Nov. · Dee. Jon. avern~e 
1 50 135.63 135.02 133.25 133.55 134.3~ 135.39 135.73 141.45 144.99 139.41 142.42 142.74 137.82 b 
2 36 135.73 131.26 130.73 131.54 --- 135.38 135.37 140.84 144.72 142.88 140.78 142.82 137.09 'b , 48 136.36 134.12 136.47 136.46 135.47 136.24 137.92 143.34 143.58 144.82 144.99 139.83 139.13 a 
4 50 137.94 137.94 138.78 136.37 136.96 135.46 137.26 143.77 144.79 145.83 142.38 143.48 14o.o8 • 
5 42 138.23 139.30 133.66 133.88 135.15 135.15 136.35 141.92 146.39 143.98 144.89 142.05 139.24 a 
6 48 139.11 14o.03 135.44 .136.44 133.45 136.25 137.37 142.59 143.19 142 • .58 143.18 145.92 139.63 • 
Onra11 • 274 137.16 d 136.28 d~34. 72 • 134. 71 9 134. 73 • 135.64 d~136.67 d~42.32 c 144.61 a 143.25 8 ~43.11 a1,42.81 ab 139.09 ayerage 
•Overall mont~ means with different letters in a row difter significantly (P(.01) by Student-Newman-Keul.'s teat. 
••Overall plant aeana vith ditterent letters in a column differ aignifioantly (P(.01) by Student-Newman-Keul'e test. 
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Fig. 7. Monthly values for calcium content of milk from six 
South Dakota plants during the period February 1975 - January 
1976. 
Table 15. berage nluea tor magnesia content of milk from •ix South Dakota plants during the period !'eb:-uar,r 1975 - January 
19?6. 
Total no. Ma~esium (mg/100 ml.~ Overa11 •• 
Plant ot samples Feb. Mar. AI?!:• Mo;t: Jun. Jul. Au~. Se;e. Oct. Nov. Dae. Jan. &Terne;e 
1 50 11.25 11.93 11.93 12.04 10.95 10.33 10.20 10.79 10.95 10.05 10.1~ 10.56 10.92 C 
2 36 10.23 11.32 11.69 11.Bo --- 9.97 10.46 10.83 10.95 10.83 9.25 10.20 10.69 C 
' 48 11.33 11.61 12.78 11.44 10.71 10.77 10.94 10.62 11.90 10.58 10.32 12.53 11.29 a 4 .50 11.17 12.57 11.55 11.Bo 11.91 10.B•J 10.83 10.94 11.19 10.09 10.28 10.83 11.11 ab 
5 42 11.13 10.83 10.99 11.81 11.44 10.2_3 9.97 10.20 10.47 10.71 10.10 .11.36 10. '77 C 
6 48 11.83 12.34 12.54 10.89 11.67 10.16 10.69 10.22 11.86 10.83 10.59 10.59 11 .. 18 ab 
Overall• 274 11.16° 11.77 8 11.91 8 11.63b. 11.13c 10.39d•10.51d9 10.6o 4 11.22c 10.51d8 10.10• 11.01° 11.02 ayerage 
•Overall mont~ means with ditterent letters in a row differ significantly (P(.01) by St~dent-Newman-Keul'a teat. 
••Qyerall plant meau vith different letter• in a column differ significantly (P(.01) by Student-Nevman-Keul'a teat. 
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Fig. 8. Monthly values for magnesium content of milk from six 
South Dakota plants during the period February 1975 - January 
1976. 
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lower contents of ·magnesium than that from the other plants. 
Phosphorous. The plant and monthly analytical values for 
phosphorous content are shown in Table 16. The average phosphorous 
content of all milk samples tested was 97.21 mg/100 ml and confirmed 
the generally reported values -(40). The phosphorous content declined 
to a low in late summer months of July and August (Fig. 9). A 
similar seasonal curve pattern also has been reported by Ellenberger 
et al. (14). The phosphorous content in the milk from plant 2 of the 
northeast showed a signific~tly lower result. 
Citric acid. The citric acid -content of all the samples tested 
in this work averaged 192.11 mg/100 ml (Table 17), which is in 
agreement with the generally reported values (40). The data in Table 
1? and Fig. 10 show that there was no distinct seasonal pattern in 
the South Dakota milk, which is contradictory to the results reported 
by Heinemann (29). He found a seasonal variation with a low in the 
early winter months of November, December, and January. For plant 
differences, a significantly higher content of citric acid was found 
in milks from plant 4 of the southeast and significantly lower 
results occurred in milks from plants 1 and 2 of the northeast and 
plant 3 of the east central area. 
Casein/fat ratio. The average casein to fat ratio from South 
Dakota milk during the period February 1975 to January 1976 was .63 
with the ratio ranging from .60 in March and April to .67 in July 
Table 16. ATerage Talues tor phosphorous cont•nt ot milk from six South Dakota plants during the poriod Februar;r 1975 - Januar;r 
1976. 
Total no. Phos~horous (mg/100 ml) Overa11 •• 
Plant ot samples Feb. Mar. AI?!:• Haz Jun. Jul. Aug. Se:e. . Oct. Nov~ lJec. Jan. averss:o 
1 50 100.47 98.82 97.78 92.66 94.20 95.64 95.83 97.89 97.94 99.21 98.34 96.00 97~10 b 
2 36 99.18 97.02 93.36 92.12 --- 91.44 94.73 97.05 97.33 98.20 94.80 96.51 95c51 O 
' 48 98.66 99.20 96.36 96.3'+ 96.42 95.67 94.39 97.35 97.21 98.13 97.13 100.13 97.25 ab 4 50 100.44 100.43 101.18 97.67 98.32 93.86 94.23 96.28 99.65 99.21 97.4<> 100.19 98.24 a 
5 42 100.18 95.99 95.99 97.13 95.61 95.99 94.55 96.87 96.31 96.31 96.89 99.65 96. 79 b 
6 48 98.11 98.21 101.63 95.88 96.85 94.20 92.47 94.39 99.42 100.81 100.83 99.11 97.62 8b 
Overall• 27'+ 99.50 a 98.28 ab 97. 71 be 95.30 de 95.96 de 94.47 • 94.37 e 96.64 cd 97.97 ab<tJ8.64 ab 97.56 be 98.60 ab 97.21 · average 
•()yerall mont~ means with different letters in a row ditter significantly (P(.01) b7 Student-Nevman-Keul'a teat. 
••()yerall plant aeana with different letters in a column differ significantly (P(.01) by Student-Nevman-~eul'a teat. 
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Fig. 9. Monthly values for phosphorous content of milk from 
six South Dakota plants during the period February 1975 -
January 1976. 
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Table 17. Average Talaea tor citric acid content ot milk from six Sout h Dakota plants during t he period Februa1"7 1975 -
Janua17 1976. 
Total no. Citric acid (mg/100 ml) 
Plant ot samples Feb. Mar. AI?r• Maz Jun. Jul. Au~ .. Se~. Oct. Nov. Dec. Jan. 
1 50 196.11 182.74 193.27 190.50 187.20 , 180.84 186.52 194.14 193.71 190.70 196.40 198.73 
2 36 199.76 199.75 187.37 191.09 --- 181.32 167.05 190.49 186.15 188.82 184.84 191 • .56 
:, 48 2o6.24 161.23 194.56 198.35 177.85 183.96 190.62 198.40 156.79 186.10 201.60 197.34 
4 5o 2o4.98 185.15 2o6.37 202.54 198.37 193. 75 187.95 197.41 18.5.60 192 • .58 203.17 201.44 
5 42 192.91 184.21 197.64 196.80 199.77 202.51 178.71 199.94 188.68 193.12 191.09 194.53 
6 48 194.90 186.64 191.56 201.02 187.41 186.54 188.35 198.10 188.63 194.29 201.32 195.39 · 
()yerall • 27'+ 199.15 a 183.29 d;95.13 8 1,96. 72 8 189.38 c 188.15 c4t83.20 • 196.41 a 183.26 d;90. 93 b~96.4o 8 196.50 a average 
•OYerall monthly means vith different letters in a rov differ significantly (P(.01) by Student-Hevman-Keul'a test. 
••OYerall plaAt means vith different letter• in a oolWDA differ aigniticantl.y (P(.01) by Student-Nevman-Keul'a teat. 
Overall•• 
svera5e 
190.9() C 
187.82 C 
187. 75 C 
196.61 • 
193.32 b 
192.85b 
192.11 
0\ 
'° 
E 
8 .... -O'> 
E 
C -u 
-:r 
u 
~ 
I--u 
199 
195 
191 
187 
183 
T 
F M A M J 
1975 
J A 
MONTHS 
s 0 N D . J 
1976 
Fig. 10. Monthly values for citric acid content of milk from 
six South Dakota plants during the period February 1975 -
January 1976. 
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(Table 18). A narrow range of results (.62-.64) was shown for all 
the plants. Kosikowski (46) stated that in order to obtain the best 
yield and quality of cheddar cheese, the optimum casein to fat ratio 
should be • 7 •· This desired optimum ratio of • 7 was never obtained 
in the milk sampled. 
The data in Table 18 indicate that the South Dakota milk 
sampled contained too high a fat content for each one part casein that 
existed in the milk from the standpoint of cheese manufacturing. 
This would suggest that standardization might be feasible. Infor-
mation such as given in Table 18 will be very useful for the South 
Dakota cheese industry to help managers to determine if it is 
economically profitable to adjust the composition of milk by removL1g 
cream prior to the manufacture of cheese. 
Table 18. AYerage nluea tor casein/tat ratio of milk from six South Dakota plants during the period Februar, 1975 - January 
1976. 
Total no. Caseiti/Fat 0,,erall 
Plant of samples Feb. Mar. Al?!• Mai: Jun. Jul. Aus. SeI?• Oct. Nov: Dec. Jan. ayern5e 
1 50 .65 .61 .60 .63 .67 .64 .61 .64 .61 .61 .63 .61 .. 62 
2 36 .65 .61 .63 .62 -- .62 .65 .65 .63 .59 .57 .63 .62 
' 48 .6:, .53 · .60 .62 .69 .66 .65 .64 .61 .62 .60 .57 .62 4 5o .61 -59 .6o .63 .66 .63 .63 .61 .62 .62 .62 .62 .62 
5 42 .66 .62 .61 .66 .66 .66 .64 .68 .64 .66 .62 .62 .64 
6 48 .61 .62 .57 .66 .69 .66 .68 .65 .59 .6:, .65 .65 .63 
0.-erall 274 .6, .6o .6o .6, .6? .64 .64 • 64 .62 .62 .61 .61 .63 . ayerage 
~ 
The Relationship between Fat and Solids-Not-Fat, Fat and Total 
Protein, and Fat and Total Solids in South Dakota Milk 
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Table 19 showB correlation coefficients bet-ween some selected 
milk componen:ts... A pe~fect correlation is denoted by an r value of 
~ and no correlation is shown by an r value of o. The positive or 
negative sign for r indicates the proportional 'or inverse relation 
between the components. The correlation coefficients were tested 
statistically to determine if they could be considered to be signi-
ficant ( 87) • 
For the correlation between fat and SNF, there are several . 
relationships that have been found (36, 38)., and have been used in 
the dairy industry for many yea:rs. In this research, an original 
purpose was to provide information to affirm or refute need for 
updating the Jacobson formula (36), but it was found that such inter-
relationships that have been reported for fat and SNF did not exist 
in the South Dakota milk. From the data in Table 19, it is evident 
that fat content correlated very significantly with total solids and 
with total protein content of milk. Fat is a part of total solids of 
Table 19. Simple correlation coefficients between fat and some 
selected milk components. 
Fat 
Total solids 
••significant at 1% level. 
nsNot significant at 1% level. 
Total protein Solids-not-fat 
.11'f8 
milk, so it is reasonable that as fat goes up, total solids will 
increase too. But the co1·relation between fat and SNF was not 
74 
· significant in the milk analyzed in· this study. This o-uggested that 
SNF in South Dakota milk varied quite independently of the fat 
content, and the fat content could not be used as a means of esti-
mating the SNF' coijtent. In 1972, Herrington et al. (31) also re- _ 
ported that New York State milk did not show a significant correla-
tion between fat and SNF. In Canada, Armstrong, Hill, and Kadis (1) 
analyzed Alberta bulk milk for a two-year period and found that the 
correlation between the fat and SNF was significant, but the corre-
sponding results from Manitoba milk which they used for comparison, 
shoved no significant correlation between fat _ ·and SNF. 
Since the relationships between fat and SNF were not definite, 
a regression equation could not be used to predict one value from the 
other with an accuracy useful for practical purposes with milk from 
South Dakota. However, protein content in milk might be used for 
future milk pricing systems since there was a positive correlation 
between fat and protein (Table 19). Thus, more research should be 
done in South Dakota before a regression equation can be set between 
protein and fat for future pricing, breeding, and management prac-
tices. 
The Seasonal Variations of Cheese Yield in Two South Dakota Plants 
The average cheese yield data for each month, on the basis of 
cheese of the same moisture content (37'/4), were provided by two 
plants and are shown in Table 20. Seasonal variations for cheese 
yields in these two plants are also depicted in Fig. 11. From the 
data it was evident that the cheese yields in the plants varied 
greatly during the year. The greatest yield difference in one plant 
was about 1 kg of cheese per 100 kg of milk, while the yield at the 
other plant varied nearly 1.5 kg of cheese per 100 kg of milk, . 
between July and December in each plant. 
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Both plants had lower cheese yield during the months of May, 
June, July, and August, and higher cheese yield during the months of -
November, December, and January (Fig. 11). As was mentioned before, 
it is casein in the milk that forms the curd with rennet and traps 
the fat in manufacturing of cheese. Comparing this with the seasonal 
variation pattern for casein and fat (Fig. 4; Fig. 3), it may be 
perceived that the lower fat and casein content occurred during the 
same months (May, J~e, July, and August) when lower cheese yields 
occurred. In South Dakota, the processors still pay for milk on the 
basis of the fat content, but casein content definitely will play· a 
very important role in the final cheese yields. As far as milk 
composition and maximum cheese yields are concerned, the best time of 
the year to make cheese is in November, December, and January. 
Table 20. Average values for cheese yield in two plants of South Dakota during the period 
February 1975 - January 1976. 
Cheese zield a (ks or cheeseL100 ~ of milk) 
Plant Feb. Har. AEr• Maz Jun. Jul. Aus. SeE• Oct. Nov. Dec. Jan. 
A 9.61 9.66 9.69 9.53 9.39 9.24 9.35 9.73 10.22 10.30 10.28 10.13 
B 10.13 9.62 9.36 9.52 9 • .56 9.23 9.29 10.36 9.89 10.22 10.68 10.18 
a On the basis of 37'/4 moisture in cheese. 
Table 21. Average values for nonfat dry milk yield in three plants of South Dakota during 
the period February 197.5 - January 1976. 
Nonfat dri milk zield (ks of J!:OductL100 !$ of milk) 
Plant Feb. Mar. Ap_r. Mai Jun. Jul. Aug:. SeE• Oct. Nov. Dec. Jan. 
X 9.14 8.59 8.71 8.75 8.79 8.74 8.32 8 • .58 9.04 9.48 9.30 8.89 
y 8.26 8.19 8.13 8.12 8.21 8.03 8.02 8.10 8.18 8.17 8.19 8.16 
z 9.10 8.91 9.00 8.82 8.72 8.64 8. 72 8.88 8.91 9.12 9.10 9.10 
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Fig. 11. Monthly values of cheese yields in two South Dakota 
plants during the period February 1975 - January 1976. 
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The Seasonal Variations of Nonfat Dry Milk Yield in Three South 
Dakota . Plants 
The monthly average yields for nonfat dry milk were provided by 
each plant (Table 21). There were definite seasonal variations for 
nonfat dry milk yields in these three plants (Fig. 12). The greatest 
difference between highest yield in November and.lowest yield in 
August was about 1;2 kg of product per 100 kg of milk in plant X. 
The greatest difference in plant Y was about .5 kg product per 100 kg 
of milk. There were only .24 kg product yield difference per 100 kg 
milk in plant_ Z between highest yield in February .and lowest yield 
in August. The actual yields of non£at dry ~lk product in plants X 
and Y were higher than that in plant Z, but the overall trends were 
similar. All three plants had lower yields dui--ing the months of July , 
and August, and higher yields in the months of November, December, 
January, and February; which correlated with the seasonal levels of 
solids-not-fat content in the milk. 
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Fig. 12. Monthly values of nonfat dry milk product yields 
in three South Dakota plants during the period February 
1975 - January 1976. 
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The Relationship between Composition of Milk and the Functional Pro-
perties. of Heat Stability, Curd Tension, and Coagulation Time 
Table 22 shows the simple correlation coefficients betveen the 
composition of milk and some functional properties. These functional 
properties varied considerably in the composite bulk milk samples · 
(Table 4). However, little close relationship was found between the 
chemical composition and each of these functional properties as shown 
in Table 22. 
Table 22. Simple correlation coefficients between the compositi9n of 
milk and functional properties of heat stability, curd tension, and 
coagulation time. 
Functional nronerties 
Composition 
pH 
Titratable acidity 
Fat 
Total protein 
Casein 
Whey protein 
Lactose 
Calcium 
Magnesium 
Citric acid 
Phosphorous 
Heat stability 
• 788** 
-.641•• 
.O?Ons 
.055na 
.013ns 
.035ns 
-.217** 
.054ns 
.183° 
.318•• 
.05~
5 
••significant at 1% level. 
nsNot significant at 1% level. 
Curd tension Coagulation time 
-.769•• .641** 
.657** -.534** 
-.02i18 .071ns 
.099ns .002ns 
.144ns -.092ns 
-.oo8na .119ns 
-.139 ns -.161** 
.o6i15 .o46ns 
-.171•• .261•• 
-.224** .244•• 
. ns 
-.008 .002ns 
High heat stability appeared to be highly significantly associ-
ated wit h high pH values and low titratable acidity. However, there 
were no significant correlations between heat stability and concen-
tration of fat, total protein, casein, whey protein, calcium, and 
phosphorous. It has been suggested that the stability of milk to 
heat is inversely related to the total calcium content (20), but the 
present investigation did not support these suggestions. White and 
Davis (98) had similar results in that there was no r -elation between 
the heat stability and the total calcium content of milk. 
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The content of magnesium and citric acid did show some signifi-
cant relation to heat stability of milk. This probably was because 
most of the cal c i um and phosphorous existed in colloidal form as 
calcium phosphate and calcium caseinate, while about 7Cf'/4 of magnesium 
and 90'/4 of citric acid were in the dissolved state (40) and so had 
more effective influence. There has been much research done on the 
effect of calcium ion on heat stability of milk (40, 66, 95), but only 
limited data are available in the literature for magnesium and citric 
acid. These results suggested that the magnesium and citric acid 
probably play a more important role in proportion to that of calcium 
and phosphate in the "salt balance" effect for the raw milk than has 
been supposed. 
The data in Table 22 also indicate that an inverse relationship 
exists between heat stability and lactose content in the milk. This 
destabilizing effect of lactose might be simply due to the developed 
acidity derived from its decomposition in heated milk. 
There was a close relationship between rennet coagulation time 
and pH or ·titratable· acidity (Table 22); an increase in rennet 
82 
· ·coagul_ation time was associated with ·an increase in pH and a decrease 
in titratable acidity of composite bulk milk. In addition to these 
relation~hips, there was significant correlaticn between coagulation 
time and magnesium. and citric acid content in the milk. No signifi-
cant correlation was found between the coagulation time and the 
concentration of fat, total protein, casein, whey protein, calcium, 
and phosphorous in the milk. 
There waa a strong relationship between curd tension and pH or 
titratable acidity (Table 22); an increase in curd tension was asso-
ciated with an decrease in pH and an increase in titratable acidity 
of milk. There were no significant correlations between curd tension 
and most constituents except for magnesium and citric acid in the 
composite bulk milk. 
The functional properties of curd tension and coagulation time 
both deal with the rennet coagulation process including enzymic and 
non-enzymic stages. Magnesium ion has been found to influence the 
non-enzymic reaction in the same way as calcium ion (93). White and 
Davis (97) also suggested that the natural variation in the calcium 
phosphate content of the caseinate complex is insufficient to affect 
the coagulation time. The results of having some correlations 
between the magnesium content and the rennet coagulation process in 
this investigation probably suggest that the magnesium ion had marked 
effect on the functional properties of rennet coagulation in the 
composite bulk milk. 
T"ne inability of these results to relate the chemical composi-
tion of the milks closely to the functional properties suggested that 
(a) the analytical methods used were insufficiently accurate to 
detect the critical differences in composition, , or possibly, (b) in 
the current work, the functional properties depended partly on some 
physical er chemical properties of milk not measured in this investi-
gation. Another possible reason for the inability to relate closely 
the chemical comp?sition of the milks to the functional properties 
was that the samples tested in this work were plant composite milk 
and the chemical composition tended to norms, with the variations 
amon.,g various samples vi thin narrow ranges. 
84 
SUMMARY 
Biweekly milk samples from six ~airy plants in South Dakota were 
collected from early Fe~ruary 1975 through January 1976. Each sample 
was analyzed for total protein, casein, whey protein, fat, total 
solids, lactose, ash,titratable acidity, and individual mineral salts 
of calcium, magnesium, phosphorous, and citric acid. Fach sample was 
also tested for the functional properties curd tension, coagulation 
time, and heat stability. 
The y.early average percentage for the main components were as 
~ollows: total solids, 12.02; fat, 3.69; SNF, 8.33; total protein, 
3.08; casein, 2.31; whey protein, .59; lactose, 4.76; and ash, .69. 
The results for total solids, protein, and SNF in South Dakota milk 
vere lower than the values reported for average content of Holstein 
milk in recent U.S.A. and Canadian studies. 
The significance of variations in composition of milk due to 
season (month) and to area (plant) were measured by least squares 
anal_ysis of variance. All the components which were analyzed 
throughout a whole year in this survey did vary significantly (P(.01) 
with month and also showed significant (P<.01) differences among 
plants. Milks from the northeastern part of the state had signifi-
cantly (P(.01) lower results for most constituents. Moreover, the 
yearly plant averages for SNF content in plants 1 and 2 from the 
northeastern part of the state were both lower than the legal 
standard of 8.25 for SNF in milk. 
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It is 'the casein that forms the curd .with rennet and traps the 
fat in cheesemak:ing. · The monthly average values for casein to fat 
ratio ranged from • tlJ in March and April to • 67 in July. A narrow 
range of annual average ratios (.62-.64) was found for all the plants. 
The desired optimum ratio of .70 for the best yield and quality of 
cheddar cheese -was ..never obtained in the milks sampled, which 
indicates that South Dakota milk contained too high fat content for 
each one part casein that existed in the milk from the standpoint 
of cheddar cheese manufacturing. 
Fat content correlated significant:cy (P(.01) with total solids 
and with total protein content of milk. But no significant correla-
tion was obtained between milk fat and SNF content, which suggested 
that SNF in South Dakota milk varied quite independently of the fat 
content, and the fat content could not be used as a means of 
estimating SNF content. 
The monthly cheese yield results provided by two plants in South 
Dakota during this survey period tended to follow the seasonal trends 
of fat. and casein content in the milk. The nonfat dry milk powder 
yield results provided by three plants in South Dakota were also 
correlated with the seasonal levels of SNF content in the milk. 
The functional properties of heat stability, curd tension, and 
rennet coagulation time varied considerably in the composite bulk 
milk samples. Howver, little close relationship was found in this 
work between the chemical composition and each of these functional 
properties. All three functional properties appeared to be highly 
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significantly (P<.01) correlated with acidity of the milk, with 
positive significant · (P(.01) correlations between pH and the func-
tional_ properties of heat stability and rennet coagulation time, and 
with negative significant (P<.01) correlations between pH and curd 
tension. There were no significant (P(.01) correlations between all 
the three function~l properties and the contents of fat, total 
protein, casein, whey protein, calcium, and phosphorous in the milk. 
The contents of magnesium and citric acid did show some significant 
correlations (P<.01) to heat stability of milk. These results 
suggested that magnesium and citric acid probably play a more im-
portant role in proportion to that of calcium and phosphate in the 
"saJ.t balance" effec-c for the raw milk than has been supposed. An 
inverse relationship existed between the heat stability of milk and 
lactose content. Also the magnesium and citric acid contents showed 
a marked effect on the functional properties of rennet coagulation 
time and curd tension in the composite bulk milk. 
8? 
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